Dietary antioxidants, such as polyphenols, tocopherol, ascorbic acid, and carotenoids, are the main phytochemicals responsible for protection against oxidative damage and related diseases [1] . In the search for antioxidants from natural sources, Malva sylvestris L. (Malvaceae), a medicinal plant commonly known as mallow, used for the preparation of infusions, tisanes, and other health preparations has been investigated. The plant, native to Europe, North Africa and Asia, was used by the Greeks and Romans for its emollient and laxative properties [2] . Leaves, flowers, shoots and fruits of the species are used as edibles and are consumed as salad or eaten as spinach.
Common mallow derives its healing abilities from the mucilage and flavonoids found in its leaves and flowers [3] . The plant also contains malvin, vitamin A, and tannins, though its tannin action is considered to be mild [4] . Traditionally, it is used to combat colds accompanied by a sore throat, a dry, hacking cough and bronchitis. Its anti-irritant properties make it helpful as well for treating hoarseness and tonsillitis. As an anti-inflammatory, it is a gentle and effective remedy for cystitis and diarrhea. Recently, M. sylvestris has been screened, together with another ten Mediterranean medicinal plants, for acetylcholinesterase inhibition and antioxidant activities [5] . The antioxidant capacity of the aqueous extract of M. sylvestris, as well as some of its constituents, was studied for its ability to scavenge the DPPH and superoxide anion radicals and to induce the formation of a phosphomolybdenum complex [6] .
The free radical scavenging activity of an aqueous extract of M. sylvestris is reported in Figure 1A . The results show that the extract has a good reducing power. It scavenged the DPPH radical by 24% at the highest tested concentration and induced a dose dependent inhibition of anion radical superoxide with a scavenging efficacy of 38% at 300 μg. The results of the assay evaluating the capacity to induce the formation of a phosphomolybdenum complex by reduction of Mo(VI) to Mo(V) confirmed the antioxidant capacity of the extract. A linear increase in activity with increasing amounts of sample was observed (Figure1B).
The aqueous extract was fractionated with EtOAc, and the organic fraction was chromatographed on a silica gel column. The obtained fractions were purified by preparative TLC and HPLC yielding eleven compounds. The compounds 4-hydroxybenzoic acid (1), 4-methoxybenzoic acid (2), 4-hydroxy-3-methoxybenzoic acid (3), 4-hydroxycinnamic acid (4), ferulic acid (5), methyl 2hydroxydihydrocinnamate (6), and scopoletin (7) were identified by comparison of their spectral data with those of authentic samples. Compound 8 was identified as N-trans-feruloyl tyramine by comparison with previously reported spectroscopic data [7] . Compound 9 was identified as sesquiterpene [8] . Compound 10 had spectral data identical to those reported for (3R,7E)-3-hydroxy-5,7-megastigmadien-9-one isolated from Chenopodium album [9] . The structure of 11 was determined as (10E,15Z)-9,12,13trihydroxyoctadeca-10,15-dienoic acid on the basis of its spectroscopic data [10] .
The isolated metabolites (HPLC purity, 0.1 mg/mL) were object of antioxidant analysis using the same methods employed for aqueous extract (Figure 2 ). When DPPH radical scavenging was tested, the strongest activities were observed for metabolites 5 and 8 that reduced the radical by 35% and 30%, respectively, after 30 min of incubation. Interestingly, the radical scavenging of both 5 and 8 was significantly higher than the antioxidant power showed by the positive standard, α-tocopherol. All the metabolites showed an anion superoxide radical scavenging activity over 15%, higher than that of the standard, that gave rise to a reduction of 12%. The percent of O 2 .reduction increased up to 58%, 50% and 39% for metabolites 7, 8, and 11, respectively. The results of spectrophotometric quantization of the antioxidant capacity of C 6 C 1 and C 6 C 3 acids, through the formation of a phosphomolybdenum complex, showed that phenols were unable to induce the reduction of Mo(VI) to Mo(V). Among these compounds, ferulic acid seemed to be characterized by a better antioxidant activity. In this assay, it was demonstrated that compound 9 had a significant reducing power (45%). Many antioxidant compounds, naturally occurring from plant sources, have been identified as free radical scavengers. Among the various natural antioxidants, phenols have been reported to have the character of quenching oxygen derived free radicals by donating an hydrogen atom or an electron to the free radical. It has been demonstrated that the antioxidant power of pure cinnamic and benzoic acid derivatives depends on substitution of the phenol rings in ortho or para positions [11] .
As shown in Figure 3 , the cluster analysis of antioxidant data produced a dendrogram in which the sesquiterpene 9 (cluster B) is segregated from the remaining metabolites. The cluster A is additionally ramified in two main subclusters. The A1 group includes the benzoic acid (1), its derivatives 2 and 3, and phenylpropanes 4 and 6. Ferulic acid (5) and compounds 7 and 8, characterized by the presence of an hydroxyl and a methoxy group on the aromatic ring, are included in the A2 subcluster. Norterpene 10 and the oxylipin 11 showed a specific behavior.
The isolated compounds are present in the range of 0.3 to 3 μg/g in M. sylvestris. The activity expressed by the mixture could be consistent with an additive effect of the individual components.
The greatest antioxidant capacity of hydroxycinnamic derivatives is linked to the presence of the propenoic side chain, instead of the carboxylic group of benzoic acid derivatives: the conjugated double bond in the side chain could have a stabilizing effect by resonance on the phenoxyl radical, thus enhancing the antioxidant activity of the aromatic ring. It has widely demonstrated that some isolated metabolites possess antioxidant activity. Scopoletin, for instance, was reported as a strong ONOOscavenger [12] . Ferulic acid has been shown to possess in vitro activity toward oxidized low-density lipoprotein [13] .
Kanski et al. [14] indicated ferulic acid as a promising candidate as an antioxidant in neuro degenerative disorders such as Alzheimer's disease. The natural abundance of M. sylvestris along our lands could optimize its use as source of antioxidants for use in foods or medicinal material to replace synthetic antioxidants, which are being restricted due to their side effects such as carcinogenicity [15] .
Experimental

Plant collection and extraction:
Aerial part of plants of M. sylvestris was collected near Caserta (Italy) and identified by Professor Antonino Pollio, of the Dipartimento di Biologia Vegetale, of University Federico II of Naples. Voucher specimens (HERBNAQA650) are deposited there. Plant fresh leaves (10.0 kg) were extracted with water at room temperature using Naviglio extractor [16] .
Isolation of phytochemicals:
The aqueous extract was reduced in volume and partitioned between EtOAc and H 2 O. The organic extract (19 g) was subjected to silica gel column chromatography, using CHCl 3 and successively increasing EtOAc by 25, 50, and 80% in CHCl 3 . The first fraction eluted with 100% CHCl 3 was purified by flash silica gel column chromatography with hexane-ethyl ether (1:1) to give fractions containing compounds 7, 9, and 10. Compound 7 (20 mg) was further purified by preparative TLC with CHCl 3 -MeOH (19:1). Fraction containing crude 9 was purified by RP-18 HPLC with MeOH-MeCN-H 2 O [(1:6:3), 5 mg]. Compound 10 (19 mg) was purified by preparative TLC with CHCl 3 -Me 2 CO (7:3). The fifth fraction eluted with 50% EtOAc was purified by flash column chromatography on Si gel using CH 2 Cl 2 and successively increasing the Me 2 CO concentration from 0 to 50% in CH 2 Cl 2 . Fractions eluted with 100% CH 2 Cl 2 were re-chromatographed on silica gel. The subfraction eluted with CH 2 Cl 2 -Me 2 CO (9:1) was purified by RP-18 HPLC with MeOH-H 2 O (4:3) to give compounds 1 (5 mg), 2 (3 mg), 4 (5 mg), and 5 (5 mg). The subfraction eluted with CH 2 Cl 2 -Me 2 CO (17:3) was purified by RP-18 HPLC with MeOH-H 2 O (2:3) to give compounds 3 (5 mg) and 6 (7 mg). The subfraction eluted with CH 2 Cl 2 -Me 2 CO (1:1) was rechromatographed on silica gel using CH 2 Cl 2 and successively increasing the Me 2 CO concentration by 20, 40, and 100% in CH 2 Cl 2 . The subfraction eluted with 100% Me 2 CO was chromatographed on Sephadex LH-20 with n-hexane-CHCl 3 -MeOH (1:4:1) and the fraction contained compound 11 was purified by RP-18 HPLC with MeCN-H 2 O [(2:3), 10 mg]. The eighth fraction eluted with 80% EtOAc was rechromatographed on silica gel using CH 2 Cl 2 and successively increasing the MeOH concentration by 20, 40, and 100% in CH 2 Cl 2 . The fraction eluted with 20% MeOH was chromatographed on Sephadex LH-20 with CHCl 3 -MeOH (3:1) and the fraction containing compound 8 was purified by preparative TLC with CHCl 3 -MeOH [(9:1), 6 mg].
DPPH radical scavenging activity:
The sample extracts were prepared by dissolving 50, 100, 200 and 300 μg in 1 mL of MeOH and then added (100 μL) to 1.400 mL of the methanolic DPPH . solution (10 -4 M) at room temperature. Solutions of the isolated metabolites were prepared by dissolving 0.1 mg of each compound in 1 mL of MeOH. Then 100 μL of each solution were added to 1.400 mL of DPPH . solution at room temperature. The absorbance at 517 nm was measured at 30' vs blank using a UV-1700 Shimadzu spectrophotometer. The results are expressed in terms of the percentage reduction of the initial DPPH radical adsorption by the test samples. The DPPH radical scavenging activity has been compared with that exercised by α-tocopherol (0.1 mg/mL) used as standard treated in the same way. were combined in an Eppendorf tube with 1.0 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and incubated in a thermal block at 95°C for 90 min. After the samples were cooled to room temperature, the absorbance of aqueous solution of each was measured at 820 nm against a blank. The analysis was carried out in triplicate. The detected activities were compared to that exercised by α-tocopherol (0.1 mg/mL) treated in the same way. The antioxidant capacity was expressed as caffeic acid equivalent (CAE).
Cluster analysis:
A numerical clustering of data bioassay was made on the basis of percentage of antioxidant effects. An average linkage agglomeration criterion and the Euclidean distance as dissimilarity coefficient was applied by the software NTSYSpc, Numerical Taxonomy and Multivariate Analysis System.Version 2.2 [17] .
